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INTRODUCTION
============

It is known that for the preoperative preparation of endovascular infrarenal abdominal aortic aneurysms (AAA) accurate measurement of morphological and anatomical characteristics of the aneurysm is required, such as diameters, lengths and angles, essential strategy for their exclusion, the final result endovascular procedure ^\[[@r01]\]^.

With the enhancement of information technology, the study of helical biplane CT scans associated with complementary marked catheter aortography was replaced by the use of computed tomography (CT) multichannel (multislice), with cuts in smaller thicknesses and with greater detail that, when associated with three dimensions (3D) reconstruction software, allow the scanned virtual reproduction of the patient and his anatomy ^\[[@r02]\]^.

CT and angiography (angioTC) have an essential role in preinterventional planning and control of the procedure and is considered the test of choice in assessing the candidate patient to envodascular treatment and for his monitoring in search of complications ^\[[@r03]\]^.

These reconstructions allow rapid assessment of the extent of the aneurysm, visceral involvement, presence of angulation, tortuosity and access difficult. An accurate analysis of the axial, coronal and sagittal sections enables the planning of the type of stent to be used. This is achieved with the use of reconstruction methods available in software such as multiplanar reconstruction (MPR and MPR - Curved), maximum intensity projection (MIP) and 3D image reconstruction volume.

At this stage, performed in the preoperative period, we obtain the necessary information for surgical planning. Thus, it is possible the acquisition of final images that offer not only better accuracy of measurements and morphological features of the aneurysm as well as the study of their anatomical relationship with the other arteries of the aortoiliac axis ^\[[@r01]\]^.

An important aspect of planning is determining the best intraoperative placement of fluoroscopy, with a perfectly perpendicular view to the origin of the lowest renal artery visualization. A suboptimal positioning can cause overlapping of vascular structures, preventing the use of the entire length of the colon to the fixation of the stent graft and proximal sealing ^\[[@r04]\]^.

The initial results of a pilot project are set herein, performed by examining the feasibility of manipulation of CT images in software, the visualization and determination of radioscopic angulation of the aneurysm neck, through the use of a new technique. It is believed that this technique is quite simple, of immediate practical significance and can be easily incorporated into routine planning of endovascular treatment with stents. So far, we have collected a series of cases of about 14 studies with encouraging results. For purposes of illustration of the technique used, the steps developed in one case in our series are following described.

METHODS
=======

Multichannel CT scans of patients undergoing endovascular repair of infrarenal AAA at the Center for Highly Complex Endovascular Surgery, State University of Campinas, from August to December 2013 were assessed.

We used three-dimensional multiplanar reconstruction through DICOM - Digital Imaging and Communications in Medicine image manipulation software (OsiriX MD), in analysis of aneurysms in serial CT images with fine cuts of 1 to 3mm, through intravenous iodinated contrast in the arterial phase.

We chose the lowest renal artery as a reference for the treatment of images because the proximal colon constituted its thread until the start of the AAA ^\[[@r05]\]^. The aim was to achieve a perfectly perpendicular image to its source, or that is, its ostial projection, to correct anteroposterior angulation inherent to its morphology and any rotational effects caused by tortuosity of AAA. For this, a linear axis of the aorta (at the level of the emergence of the lowest renal artery) cut was achieved in axial image, provided by the right-angle correction of the sagittal and coronal MPR projections ([Figure 1](#f01){ref-type="fig"}).

![Multiplanar reconstruction (MPR), with repair of sagittal and coronal projections and axial cut at right angles (below left)](rbccv-29-01-0078-g01){#f01}

Upon analysis of the axial image, we then proceeded to construct a circumscribed equilateral triangle. Was traced a centerline axis of the aorta and parallel to the tangent of the arterial wall in the renal ostium where a first mark made in the anterior wall of the aorta was performed ([Figs. 2A](#f02){ref-type="fig"} and [2B](#f02){ref-type="fig"}). This vertex is assumed to be the apex of the pyramid at the beginning of the construction of the triangle. Therefore, we reproduced two additional marks guided by the height of the triangle placed subsequently in order to form an equilateral triangle ([Figure 2C](#f02){ref-type="fig"}). To calculate the markup, we used the concepts of geometric construction, where the height (h) of an equilateral triangle in a circle corresponds to 3/4 diameter, or 1 1/2 time the radius of the circle ^\[[@r06]\]^ (r) ([Figure 2D](#f02){ref-type="fig"}).

![Above: - Tangent drawn from the projection of the right renal artery. B - Intraluminal positioning for beginning of space marking. Below : C - Construction of the equilateral triangle on axial CT at right angles. D - Geometric representation of an equilateral triangle in a circle (in the case described)](rbccv-29-01-0078-g02){#f02}

Starting with the geometric concept that three points are always coplanar, we proceeded to the three-dimensional reconstruction of CT. By means of rotational manipulation of the image if the three aligned points along a single axis, equidistant ([Figure 3](#f03){ref-type="fig"}). The projection angles of the image display were provided automatically by the software (highlighted).

![Three-dimensional tomographic reconstruction. Note that the points are equally spaced and aligned, allowing a view at the right angle of the renal artery studied (right). The viewing angles to be used in the correction of intraoperative fluoroscopy were provided by the software itself (below right, highlighted - in this case, craniocaudal 13,6º and left-anterior-oblique - 30,6º). The values used for surgical arch are approximate](rbccv-29-01-0078-g03){#f03}

The images and angles achieved during the 3D reconstruction software were reproduced during surgery - with correction of angular positioning of the fluoroscopy unit - and were considered equivalent ([Figures 4A](#f04){ref-type="fig"}, [B](#f04){ref-type="fig"} and [C](#f04){ref-type="fig"}).

![A - Tomographic image by 3D reconstruction. B - Intraoperative position of fluoroscopy unit, respecting the angles identified. C - Intraoperative arteriography. D - Final positioning of the endoprosthesis](rbccv-29-01-0078-g04){#f04}

We can also mention that for prostheses that have above two radiopaque markers at the same level at the proximal portion, it could be observed after the release of the stent, a placement in a straight position to these markings ^\[[@r04]\]^ which reinforces the idea of perpendicular view of the cervix ([Figure 4D](#f04){ref-type="fig"}).

DISCUSSION
==========

Early in the last decade, the study of helical CT combined with complementary biplanar aortography with marked catheters was recommended to all candidates for endovascular repair of AAA, by presenting themselves as complementary examinations values: while the first provided very accurate information about the diameters, the last allowed an accurate assessment of the length ^\[[@r07]\]^.

Due to the high technological development of the CT - since the introduction of helical acquisition to multichannel detectors equipment with efficient systems of transmission, processing and storage of data - it was possible to reduce the time of image acquisition and the development of more sensitive and accurate algorithms, with better performance and spatial resolution ^\[[@r02]\]^ reconstruction.

Currently, through angioTC the morphometry is performed, based on the assessment of the configuration, lengths and diameters of the aorta and iliac arteries and related to the lesion of interest as to the technique of performing the endovascular procedure. It allows even assess relevant anatomical variations when choosing the stent and the related surgical technique ^\[[@r02]\]^.

However, the intraoperative assessment of the release of the stent is usually guided by angiography, which provides two dimensional image. Therefore, it is known that the proximal neck of AAA and/or too angulated iliac arteries may hinder accurate visualization of the ostium of the renal artery.

The ideal positioning of the fluoroscopy unit during the surgical procedure may be different than expected during the preoperative study, in that the aneurysm possibly shorten or lengthen higher than expected ^\[[@r04]\]^. Thus, some authors argue that the anatomy of the vessel can change due to the insertion of rigid guidewires, introducers and the delivery system itself. They believe that the image of the preoperative CT may be different from intraoperative angiography ^\[[@r06]\]^.

Van Keulen et. al. ^\[[@r04]\]^ discuss about the necessity of determining the intraoperative disposition of surgical arch arguing that a suboptimal positioning would lead the surgeon to underestimate the total length of the aneurysm neck and not using in its entirety for release and fixation of the endoprosthesis. This interpretation could be caused by an apparent overlap of vascular structures in the conventional biplane angiographic image. They recommend that the ideal angulation and positioning are determined taking into account the anteroposterior angulation of the neck and the clockwise orientation of the renal arteries. They also report that although the angulation of the neck of the aneurysm can be changed, the angular position of the renal arteries is not changed even under the influence of the inserted guide wire or the stent itself ^\[[@r04],[@r08]\]^.

Our aim was to simplify this calculation, with simultaneous attainment of oblique and craniocaudais angles using concepts of three-dimensional geometry and spatial triangulation with the aid of software. That said, although the results are result from a pilot project underway, these proved to be very encouraging.

Therefore, we believe that it is possible, by means of concepts of geometric correction and through manipulation of DICOM images in software, to trace the same angle of ostial projection of the renal artery on intraoperative two-dimensional image (angiography).

When playing a tomographic cross section at right angles (or that is, perpendicular to the axis of the aorta), with rotation and orthogonal exposure of the renal artery, it is possible to predict the need for intraoperative correction of the fluoroscopy projection in obtaining two-dimensional angiographic image.

Utilizing the application of concepts of spatial geometry to achieve the best angle of ostial exposure of the renal artery systematically, it may reduce the variations between study observers and allows the reproducibility of the technique, reducing errors of interpersonal interpretation.

The closer this radioscopic correction of the tomographic reproduction, the more careful the visualization of the ostium of the renal artery, and the better the exploitation of the neck for fastening and sealing and the more accurate the endoprosthesis deployment.
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